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(71) We, Societe National i/Etude 

BT DB COKSTRUCTION DE MOTEURS 

d'Aviation, a French Body Corporate, of 
150 Boulevard TTgnggm^Ti 75-Paris, 
5 Fiance, do hereby declare the invention, for 
which Y?e pray that a patent may he granted 
to ns, ana the method by which it is to he 
performed, to he particularly described in 
and by the following statement; — 
10 This invention relates to multiflow gas 
turbine jet engines, hereinafter called turbo- 
jet engines, which are used for aircraft pro- 
pulsion and comprise a compressor the 
upstream stage or stages (often referred to 
15 a$ the "fen ^> of which serves or servfe to 
compress an incident air flow which is sub* 
sequently split into at least two concentric 
flows. In a by-pass Jet engine for example* 
the. internal flow is employed for the com- 

20 bastion of a fuel which is injected into a 
combustion chamber, thus producing hot 
gases which are first of all expanded across 
a mxbine providing the regnisxfe power for 
the compression function, and then through 

25 a propulsion nozzle, whilst the external flow 
is used chiefly to ffitote the hot gases in the 
nozzle in order to improve the efficiency of 
propulsion. 
In order to start an engine of mis kind, its 

30 rotor or rotors is or are rotated by 

of a starter. Starting is often made difficult 
by the fact that the rotation of the fan rotor 
requires a relatively high power since the 
fan not only has to compress the central 

35 core of the incident air now, which famishes 
the internal flow (the latter being the sole 
flow fraction which is effective in the start- 
ing up of the engine), but also the peripheral 
portion which constitutes the external flow 

40 which is not efiective in the starting function. 
Thus, in order to maintain the xvmght and 
size of the starter within reasonable limits, 
there is a risk that the designer will be forced 
to limit the external flow, which could 

45 hamper the development of multiflow jet 
engines towards increased by-pass ratios. 



It is possible to overcome this drawback 
by gating the external flow of the peripheral 
portion of the flow passing through the fan. 
Already, a variety of methods for effecting SO 
this kind of gating have been proposed, fox 
example using flaps or variabXespitch blad- 
ing, or even pneumatic restriction* These 
known methods have been directed chiefly 
towards varying the external flow rate in 55 
order in particular to regulate the by-pass 
ratio. 

The invention is concerned essentially 
with facilitating start-up. 

In accordance with the invention, there is 60 
provided a multiflow turbojet engine com- 
prising an axial flow fan. which is used to 
compress an incident air flow in order to 
produce a compressed air flow which is 
split by an gimnlat wall into an internal 65 
flow designed to supply a combustion chain* 
her and an external flow coaxial to the 
internal one, and a device designed to facili- 
tate starting of the turbojet engine ami 
comprising a ring of "blades wMchTat the 70 
most, have substantially the radial height of 
the external flow, these blades being located 
upstream of the peripheral part of the moot 
Wading of the ran rotor and being articu- 
lated about pivot axes disposed substantially ? 5 
radially of the axis of the engine* means for 
inclining said blades by pfrotmg them about 
said pivot axes so that the trailing edges of 
the blades move in the direction of rotation 
of the fan and means for supplying com- 
pressed gas to passages formed m said 
blades and opening at their trailing edges 
through bleed orifices. 

This combination of features enables the 
power absorbed by the rotor at start-up to 
be reduced, this Dcfaig achieved by simul- 
taneously providing gating and deflecting 
the peripheral zone of the incident air flow, 
said deflection being produced by a com- 
brnaticn of the inclination of the blades and 90 
the injection of air whose tangential com- 
ponent is directed in the direction of rota- 
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tion of the rotor. 

The two faces of each blade will prefer- 
ably be symmetrical relative to tbe axial 
pjane of the blade: in the Mowing the term 
5 & deflex ■ will be used to describe a ring of 
symmetrical Wades of this kind During 
normal operation of the jet engine, tiie 
soppily of compressed air is cut off and the 
blades of the defies axe feathered or located 
10 in radial planes passing through the engine 
axis so that the deflex has no gating «*ect 
or deflecting effect upon the incident airflow. 
In the starting position, the reduction in 
power taken by the f an is due on the one 
15 hand to the gating effect exerted by the 
deflex on the incident air flow and on the 
other hand to the deflection of the incident 
air flow in the direction of rotation of the 
rotor, which deflection is produced by in- 
20 dining the blades of the deflex and is 
supplemented by blowing ait through the 
tjamcg edges of the blades. Thus, apart 
from the reduction in rotor load produced 
by this deflection, which results from the 
25 reduction of the incidence of the air over 
the Hades of its first stage, up to tie point 
of striking the Made upper surface, the air 
blown through the trailing edges can also 
strike the blade upper surrace. at least at 

30 the beginning of the start-up phase, thus 
aiding initial rotation of the rctfor. The 
"blown 1 * deflex tan thus reduce the start- 
ing torque sribstantiaBy more than would 
feTthe case ff the air tieed facility were not 

35 provided* 

The said deflection of the incident an\ 
produced by the combination of means hi 
Accordance with the invention, also makes it 
possible to facilitate re-starting of a jst 

40 engine after flame-out in flight, this by in- 
creasing the angle of incidence* relative to 
the rear of the blades of the first stage of the 
fan Cdow acting as a turbine}* of the air flow 
created by the forward motion of the air- 

45 craft la order to restart the engine in 
flight, the blades of the deflex are thus set 
m the same nrrorT as for ground s tartin g 
and are supplied with compressed air so 
that the torque fraction produced by the 

50 peripheral portion of the fan. acting as a 
tOThme, is increased, thus increasing the 
velocity of rotation of the fan and con- 
sequently improving the starting condi- 
tions* , 

55 H, instead of restarting die & _^^t 
after a shut-down in flight, it is dosfred to 
limit the wmd-OTSKng. the gating effect 
exerted by the deflex enables the power 
fcjodnccd by the fan to be reduced Ob- 

60 viously then, in this drenmstancA it is 
desirable to increase the gating elect; the 
blades of the deflex wlfl tiusefore preferably 
be adjustable between the gating and zero 
deflection position, defined herefcfteiore and 

65 utilised m normal flight and a maximum 



gating position in which they are disposed 
transversely and are more or less contiguous 
with one another, in the plane perpendicular 
to the engine axis and containmg their pivot 



axes. 



70 



Ihe blowing of air through the trailing 
edge of each blade can be effected perpen- 
dicularly to its pivot axis or in the direction 
which is inclined towards the nozzle axis. 
In the latter case, the air in the peripheral 75 
zone of the incident flow is deflected to- 
wards the central part of the pax which 
supplies the internal flow. Higher pre- 
liminary rotation speeds can be achieved by 
inclining the bleed orifices at the trailing 80 
edges of the blades in relation to the plane 
of symmetry of these latter and in the 
direction of rotation of the rotor* 

In addition, the blades may have at most 
substantially the radial height of the 85 
external flow. The invention Is thus not 
limited to a ring of blades which strictly 
occupies the whole of the peripheral region 
of the incident flow furnishing the external 
flow fraction. The height of the blades is 90 
determined by the particular objective in 
question, namely that of reducing the power 
absorbed by the fan whilst supplying the 
requisite internal air flow for starting the 
jet engine. Since, as indicated hereinbefore* 95 
the gating can be moderated, the blades of 
the deflex can be shorter than the height 
of the external flow, use possibly being 
made of the facility referred to hereinbefore, 
for deflecting air from the peripheral regions 100 
of the incident flow towards the central part 
of the fan. 

The invention will now be further de- 
scribed,, by way of example, with reference 
to the accompanying drawings, hi which: — 105 
. Figure 1 is a schematic axial half-section 
of the forward part of the turbojet engine 
equipped with a * blown" deflex in 
accordance with the invention; 

Figure 2 is a fragmentary view on a larger HO 
scale, in the form of a developed cylindrical 
section, of the deflex and the first stage 
of . the fan of the turbojet engine shown in 
Figure 1; _ 

Figure 3 is a diagram showing the velod- 115 
ties, of the input *k to the first stage, at 
start-up. | 

Figure 4 is a section through a variant 
embodiment of deflex blades: 

figure 5 is a partial view similar to that J20 
of Figure 1 fflusfratmg on a larger scale the 
method of controlling the plvotring of the 
deflex blades j 

Figure 6 is a partial elevations! view in 
accordance with the arrow F of Figure 5, 125 
with a partial section on the Hne VI-VI; 

Figure 7 is a partial developed view of 
Figure 5. showing the blades of the deflex 
and their control arrangement; 
Figure 8 is a schematic view illustrating 130 
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the control of the supply of compressed air 
to the deflex Wades: 

Figure 9 is a view similar to that of Hgure 
5 illustrating the control of the Hades by 
5 jades: 9 
Figure 10 is a sectional view on the line 
X-X of Figure 9; 

Figure 11 is a view similar to that of 
Figure 10, illustrating another embodiment 
40 of a jet control system; and 

Figure 12 is a partial view in the direction 
of arrow Fi in Figure 1L 

Figure 1 illustrates an axial half-section 
through the front of a dual-flow two-stage 
15 turbojet engine, namely one with a low 
pressure stage and a high pressure stage. 
The rotor 1 of the low pressure stage is 
provided at the front with, the moving 
blades 3ofafan4aadatthe rear with a 
20 low pressure turbine (not shown). The rotor 
2 of the high pressure stage is provided 
at the front with the moving blades 5 of a 
high pressure compressor 6 and, at the rear, 
with a high-pressure turbine Oaot shown). 
25 A turbojet engine of tins kind will be well 
known to those sHHed in the art and re- 
quires no further description in dafaiL in 
operation* the incident air Sows through an 
arr intake 7„ is compresed by the fan 4 and 
30 is split into two coaxial flows. The internal 
flow is recompxessed by tho compressor 6 
and then passes to the combustion chamber 
(not shown), where it brings about tho com- 
bustion of a fuel in order to form hot gases 
35 which expand first of all across the high 
pressure turbine and the low pressure tur- 
, bine, then through a nozzle (not shown) 
to form a r^opulsive jcL Tie external flow 
passes through an annular duct 8 which 
40 opens into the nozzle. The said external 
flow is used principally, in a conventional 
.manner, to cool the nacelle and nozzle and 
to <£lnte the hot gases in the latter. It 
will be observed that the different stages 
45 of the fan 4 comprise a row of stater vanes 
9* with the exception, of the first stage 
whose moving blading 3a is supped 
directly with the air coming from the in- 
take 7. 

50 In accordance with the invention, the 
fixed part 10 of the Jet engine is equipped, 
between the moving blading 3a of the first 
stage of the fan 4 and the air intais 7 4 
with a deflex 11 constituted by a ring of 

55 blades 12 having substantially the same 
radial height as the annular duct 8 and 
assembled to ravot about radial axes 13 
uniformly distributed around the tircunv 
faience of the fixed section: 10. As Figures 

60 2 and 5 show more clearly, each blade 12 
has a symanetrfcal external profile in rela- 
tion to a plane 14 passing through its pivot 
axis 13; each blade is hollow and its in- 
ternal cavity 15 communicates vrffh the ex* 

65 ferior through a series of offices 16 open- 



ing at the toiling edge 16. The external tip 
of each blade 12 is provided with a threaded 
sleeve 18 which is articulated about its axis 
13 in a bearing block 19 on the fixed sec- 
tion 10. The sleeve 18 of each, blade 12 70 
opens into the internal cavity 15 and is 
supplied with compressed air from a mani- 
fold 30 fixed to tie section 10 through a 
tube 21 which fits fluid-tightly mtothe 
sleeve 18. 75 

As explained hereinafter in greater de- 
tail, in the context of Figures 5 and 8, a 
control device, comprising finks 23 and a 
mobile ring 24. enables all the blades 12 
of the deflex 11 to be pivoted, and means 80 
are provided for sirpplying the manifold 20 
with compressed air when it is desired to 
start the jet engine. 

During normal operation of the engjne, 
the blades 12 are located in radial planes, 85 
that is to say that their planes of sym- 
metry 14 intersect at the axis 25 of the 
engine, this position being shown in particu- 
lar in Figures 1 and 5. Toe blades 12 
thus produce no deflection of the air arriv- 
ing, through the intake 7 so that this air 
arrives parallel to the axis 25 on the first 
blade rmg 3a of the fan. The blades 3£ 
of said blading 3a are supplied at a rela 
-> 

tive velocity Wl which is the resultant of 
-> 

the velocity VI of the incident air and of 
-> 

— u. n being the whirl velocity of the blad- 
ing 3a; said velocity Wl, which has a small 
angle of incidence at start-up. is illustrated 
in broken Ene in the velocity diagram of 
Figure 3. Daring start-up of the jetengme, 105 

the velocities VI and u are low. He 
blades 12 of the deflex 11 are inclined about 
their axes 13 in the direction of motion of 
the first blading 3a of the fen (Figure 2) 
so that the blades 12 deflect the incident 

arr, givmg it a velocity V2 winch has a 

ta n ge nti al component AWu, and so that 115 
the blading 3a has an incident relative 

velocity of Wl (Figure 3). The blading 3a, 

having the incident relative velocity Wl at m 
a negative angle of incidence wMcli is 
smaller (but larger in terms of absolute 
— > 

value) than that of Wl, will produce a lower 
flow; in other words, the inchnatlon of the 125 
wades of the deflex 11 produces a gating 
erect. The air blown through the traflmg 
e4gel7 of the blades 17* produced by the 
compressed air supply and exiting from the 
orifices 16, supplements this gating eftket: 130 



90 
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— ^ the one hand because the deflection 
produced by the blown air is added to the 

deflection of tangential component AWi* 
5 produced by the inclination of the Wades 
12. thus giving rise to a total deflection of 

tangential component AW>> so that the 
first blading 3ct has an incident relative 

velocity W"i„ whose antfe of induce is 
stin more negative, thus increasing the gat- 

*%nQ& other hand because said hfown 

15 air acts upon the upper surface or rear 
face, of the Wades 3b and thus assists their 
rotation, partially listening the load on 
the starter. 
In Figures 1 and 5, the air bleed Pitiless 

20 16 In each blade 12 are directed perpen- 
dicularly to its pivot axis 13. The arrange- 
ment of Figure 4, however, can be used 
as a variant embodiment, the deflex 11 here 
being constituted by blades 12a whose air 

25 bleed orifices 16a are inclined towards the 
axis 25 of the nozzle The comprised a«- 
Hewn through these orifices 16a deflects the 
incident air towards the central part of the 
fan 4. thus supplying the internal flow- 

30 Figures 5 to 7 illustrate an embodiment 
of the control system used for to »« 
which actuates the blades of the deflex 
through the links 23. the lata? being 
secured non-rotationaHy to to F^J^M 

35 by the hollow screws 22, &ch of these 
links 23 is fixed to a blade 12 at 45° to its 
plane of symmetry 14 and is articulated 
to the ring 24 through a pivot 23n. The ring 
24 is movable rotatiooafly and trans^<m- 

40 ally about the fixed section 10 of to jet 
caSne, so that it can rotate all the Wattes 12 
simultaneously between tho position shown 
in brolcen Jxae in Figure 7 frosiiioii of 
Figures 1 and 5) and the posrhon Shown 

45 in full line (which is the starting position of 
Figure 2). In order to enable this move- 
ment to take place, each Hnfc 23 must be 
capable of slight torsional movement, sine© 
the axes of the pivots 23a axe not parallel 

50 with the axes 13 of the blades except in 
the position shown in solid fine. To this 
end, the links 23 are cut ftom plates of 
flexible material and perforated m the 
maimer shown in Figure 7- _ 

55 The U^haped bracket 26 capes a mech- 
anism 27 which controls the rmg 24. Said 
mechanism 27 comprises two elements 
located In diametrafly opposite tegflffls of 
the air intake, only one of which, 27a. has 

go actually been shown in Figures 5 and 6. 
- Eachof these elements Is coupled trough 
a link 28 to a plate 29 fixed to the rag 
24. Said Imk 28 is articulated at % to the 
rflate 29 and, at its cfmer end 28fc to a 

65 toothed sector 30 prvotally assembled at 



30a on the frame of the mechanism 27a 
The sector 3*0 meshes with a transverse end- 
less screw 31 having keyed tote shaft* 
flsar 32 which itself meshes with a small 
Ironn screw 33 operated bv an electee W 
motor (not shown). If the electric motors 
of fiie two elements 27a of the mechanism 
27 are rotated simultaneously fn the appro- 
priate direction, the gearing arrangments 
described will simultaneously cause the two l> 
toothed sectors 30 to rotate and these in 
turn will rotate the ring 7A through the 
medium of the links 28. Because said 
ring 24 is connected to the Had* 12 by the 
Hnks 23, the rotation of the rag 24 is w> 
accompanied by transitory motion which 
pivots the blades 12 between the position 
shown in broken-line and the fuH-toe posi- 
tion. The Hnks 28 must, of course, follow 
the movement of the ring 34 and, to this 85 
end. the joints 2&? and 28ft are of the 
knuckle or universal type. 

Egm© 8 schematically illustrates how the 
blowmg ot air from the blades to the de- 
flex may be corrtroUed by means of a needle w 
valve 34 operated by one of the elements 
27a of the mechanism 17. The valve 34 
is connected throagh an input line 35 to ffie 
compressed air source, for exaurrie the 
delivery side of the compressor ^ and 95 
through an output Hue 36 to the manrfold 
20. The valve comprises a needle obtu- 
rator 37 the stem 37* of which is connected 
to a piston 38 which can slide in sealed 
m^e> wlhin a bore 39 k tho b^ 100 
the valve 34. The rod 38a of said pwton 
can slide in the guide 40 attached to a fixed 
section 10 of the Jet engine, such as the 
body of the valve 34. and carries a rack 

41 which meshes with a gear 42 attached to 105 
the free end of the worm screw 31 of the 
mechanism element 27a. An electric motor 
driving said mechanism element is shown 
schematically at 33a. The mechanism is 
adjusted so that in normal flight that is to | to 
say when the blades 12 are in the Msitton 
shown rn Figures 1 and 5 and iflustrated 

in broken-line in Figure 7, the- needle 37 
completely shuts off conimumcauanTbetweeii 
the input 35 and the output 36. When the ji5 
motors 33a are started to move the system 
into the engine starting position, the gear 

42 drives a rod 41. the piston 38 and the 
needle 37 in such a manner as to open the 
valve and, when the blades 12 ate m the 120 
starting position shown b Figure 2 and 
inustrated in solid line in Figure 7 the valve 
will be fuHv open. The manifold 20 is thus 
progressively supplied with compressed air. 
making, it possible to adjust, at the same 125 
thus as die position of the blades 12* the 

air flow through the openings 16. 

The control device described above m re- 
spect of Figures 5 to 8 has been success- 
f5iy used in ground tests. Figures 9 and J3D 
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10 illustrate a control device of smaller fruited: to those already mentioned, namely 
radial extent, which can be used in an air- easier ground starting and in ffigfct restart- 
craft in flight In this control device, the ing. It Is possible to pivot the Wades' Urn 
links 28 are still respectively articulated to order to reduce" the fan noise; for example 
5 the two diametrically opposite plates 20 of when the akcraft is" in "the apprbac]* 70 
the ring 24. Each link $ is articulated by figuration,, reducing the relative spee<J '<# 
a knuckle joint 2Sc to the end erf an ami 43a incidence at the permhe^y' of the first Hade 
of a beEcrank lever 43 pivoting on a bracket ring 3a of the fan 4 Tie noise-reducing 

44 attached to the fixed section iO of the jet effect wil} he particularly marlce^ in the 
30 engine, the other arm 43b of which lever case of a fan having a hJJi peripheral velo- 75 

is articulated to the end of tterod45aof a city. " • 

jack 45 whose cylinder is pivotally mounted Moreover* the blades 12a can act as van- 

on a. bracket 46 likewise attached to the able^ritch blading in' advanced the fan" 4, 

fixed section 20. The beHerank lever 43 this Having tie known' advantage of making 

15 and the jack 45 operate transversely of the it possible to vary the relative balance of SO 

engine axis; Figure 9 shows how the aim the speeds of rotation of the two stages 1 

43& is offset £i relation to the arm 43a and and 2 in such a way as to favour thrust 

that the latter is "inclined towards the front or specific "fuel consumption, * This also 

(A &e engine so that the brackets 44 and constitutes an effective remedy against vibra- 

20 46 can readily be attached behind the ring tion (rotary stall or flutter). 83 
24. Hie control of the ring 24 is thus 

effected by two diametraSy opposite jacks WHAT WE CLAIM IS:— 

45 at the periphery of the engine; these jacks 1. A mufflflow turbojet engine compris- 
are of the donHe-acting type, and a valve ing an axial flow fan, winch is used to 

25 which has not been shown enables the air- compress an incident air flow in order to 90 

craft pilot to control the extension of the produce a compressed air flow which is 

Jacks and consequently the position of the 80ft by an annular wall Into an internal flow 

ring 24 and the blades 12. designed to supply a combustion chamber 

If it is preferred to arrange the jacks and an external flow coaxial to the internal 

30 parallel to the axis of the engine, then the one, and a device designed to facflitam start- 95 
arrangement of Figures 11 and 12 can be ing of the turbojet engine and comprising 
employed, in which each link 28 la articu- a zing of blades which, at the most have 
lated through a knuckle joint 286 to the substantially the radial height of the ex- 
end of an arm 47a of a ballcrank lever 47 tonal flow, these blades being located up* 

35 pivoting about a radial axis 48 in a bracket stream of the peripheral part of the input 100 

49 attached to the fixed section 10 of the blading of the fan rotor and being articu- 

angfae, fl» other arm 47b of. said beHerank lated about pivot axes disposed substantia 

lever being articulated to the end of the rod ally radially of the axis of the engine, means ' 

50a of a jack 50. The two jacks 50 are for iudimng said blades by pivoting them 

•40 articulated to brackets (not shown) attached about said phot axes so that the trailing 105 

to diametraHy opposite regions of the fixed edges of the blades move in the direction 

section 10 of the engine. Here, again, a of rotation of the fan and means for simply- 

valve which is not shown enables the pilot ing compressed gas to passages formed in 

to regulate the extension of the two jacks said blades and opening at their trailing 

45 and consequently to adjust the ring 24 and edges through Heed orifices. 110 

the blades 12. 2* A turbojet engine as claimed in claim 

2n these two latter embodiments* the 1. wherein the bleed orifices are inclined 

supply of compressed air to the manifold towards the axis of the turbojet engine and/ 

20 can be effected by any convenient means, or in the dhecfion of rotation of the rotor. 

50 for example through a valve which may 3. A turbojet engine as claimed in claim 115 

or may not be slaved to the position of the 1 or claim 2, wherein each blade has a 

blades 12* Preferably these latter will be profile which is symmetrica] relative to a 

designed to pivot not only between the piano passing through its pivot axis and 

normal flight position shown in broken wherein means are provided for arranging 

55 line in Figure 7 and the start-up position said blades* in the inoperative condition, in 120 

shown in solid line* but also into the post radial planes passing through the axis of 

don shown in chain-dot line where they are the turbojet engine, 

practically contiguous with one another and 4. A turbojet engine as claimed in any 

dose off virtually the whole of tho peri- one of the preceding claims, wherein means 

$0 pberal zone of the fan 4. As already ex- are provided for pivoting the blades into a 125 

plained tins arrangement makes it possible position in which they arc located in a trans- 

to limit wmdmflling of the rotor after the verse plane in relation to the axis of the 

engine has been shut down in flight turbojet engine. 

Hie advantages of the blown deflex in 5. A turbojet engine as daimed in any 

£5 accordance with the invention are not one of the preceding claims* wherein the 130 
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pivoting of the Wades is controlled by 
finks fixed to the blades and articulated to 
a ring which is movable rotationafly and 
traaslationally about tie turbojet engine and 

5 wherein the finks are articulated to tbe dug 
about vfcvt axes disposed substantially 
xacHally and are snffidently flexible hi order 
to undergo sl^t twisting during tbe move- 
ment of said ling. . 

10 6. A turbojet engine as claimed m any 
one of tfcejpreced&g claims, wberein pivot- 
ing of tbe wades and supply^ of compressed 
tss R to them ate controlled in oombmaflqn 
so that the air bleed lakes place exclusively 



when the blades are inclined in tbe direo 15 
tion of rotation of the rotor. t 

7. A turbojet engine substantially as 
hereinbefore described with reference to the 
accompanying drawings. 

ARTHUR R. DAVES, 
Chartered Patent Agents, 
27, Imperial Square. 
Cheltenham, 
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115. Bigi Holbom, 
London, W.CLL 
Agents tor the Applicants. 
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